RAPID COMMUNICATIONS

Elliptic flow contribution to two-particle correlations at different orientations
to the reaction plane

PHYSICAL REVIEW C 69, 021901R) (2004

J. Bielcikova} S. Esumiz, K. Filimonov,3 S. Voloshin‘,1 and J. P. Wurm
1Physikalisches Institut, Heidelberg University, 69120 Heidelberg, Germany
2University of Tsukuba, Tsukuba, Ibaraki 305, Japan
SLawrence Berkeley National Laboratory, Berkeley, California 94720, USA
4Wayne State University, Detroit, Michigan 48201, USA
®Max-Planck Institut fiir Kernphysik, 69229 Heidelberg, Germany
(Received 18 November 2003; published 27 February 004

Collective anisotropic particle flow, a general phenomenon present in relativistic heavy-ion collisions, can be
separated from direct particle-particle correlations of different physics origin by virtue of its specific azimuthal
pattern. We provide expressions for flow-induced two-particle azimuthal correlations, if one of the particles is
detected under fixed directions with respect to the reaction plane. We consider an ideal case when the reaction
plane angle is exactly known, as well as present the general expressions in case of finite event-plane resolution.
We foresee applications for the study of generic two-particle correlations at large transverse momentum
originating from jet fragmentation.
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Collective particle flow is a general phenomenon of rela- dN *
tivistic heavy-ion collisions that originates from pressure AT w1+ 2v, cos[n(¢p—-TR)] . (D
gradients built up in the anisotropic overlap zone of colliding (¢-Tr) n=1

nuclei[1]. Azimuthal anisotropies in inclusiveingleparticle 1 Fourier coefficientsy, =(cogn(¢-We)]), given by the

g:&gbﬁéggse;;lﬁgletosttrlfjiga_cuoge%l:r(ﬁ]r:iztsrgp;igg?of average over detected particles in analyzed events quan-
y 7 9 tify the anisotropy of theath harmonic of the distribution.

direct two- (or morg particle corrglations also i_ndicaFe that The anisotropies corresponding to the first and the second
the dependence of these correlations on the orientation of tl]gz

) S L : ourier coefficientsp; anduv,, are usually referred to as
reaction plane may contain important physics information. Ad

detailed analysis of such correlations requires flow effects to irected and elliptic flow, respectively.
haly q Collective flow generates azimuthal anisotropies also in
be taken into account.

A recent example, which gave the motivation for this pa-thaﬁrsa[q%l]e differencer$=¢;~¢; (0<A¢<m) of particle
per, is provided by azimuthal two-particle correlations atP '

transverse momenta above 1 GeV&uch particles presum- dNpairs *
ably originate from fragmentation of dijets, but are embed- =Bl 1+ 2pn(PrinYis Prjpy))codnAg) |, (2)
ded in collective flow{4]. It is predicted that nuclear effects mdAd n=1

may modify the jet fragmentation function due to InducedWhereB denotes the integrated inclusive pair yield. In case

rqc_jiation of the Ie_ading par_to[8]. This C.OUId r_esylt in s_ig- of pure collective flow, the Fourier coefficientp,
nificant changes in the particle correlations within the jet, as:(cos(nAda)} are given by[11]

well as the correlation of particles originating from back-to-

back jets. The modifications of the jet profi!e may dfapend on Pa(PTinYis PrjyYi) = vnlPri YDvn(Pr ) - (3)
the nuclear geometry and could be studied relative to the . . ) ] ]
reaction plane anglg4]. We introduce conditional two-particle correlations in the

In this paper, we present analytical formulas for the flow!ransverse plane for which one of the particles, usually re-
contribution to two-particle azimuthal distributions for dif- ferred to as therlgger part[cle s detected within somb|-.
ferent orientations of the trigger particle with respect to theS€Ctor R at fixed orientation with respect to the reaction
reaction plane, neglecting any nonflow effects. We will firstPl@ne, see Fig. 1. o _
discuss an ideal case with the reaction plane angle exactly 1n€nth harmonic of the pair distribution, before given by
known and then incorporate the finite resolution of the re-Ed- (3), is expressed as
constructed event plane. R _ R

Anisotropic rovxP manifests itself by the presence of P = Un(Pry)ug (Pry)- “@
higher(n= 1) harmonics in the inclusive single-particle dis- To simplify the notations, we have assumed that both par-
tribution in the azimuthal anglé with respect to the reaction ticles are detected in the sanpg andy interval, but it is
planeV¥g [2,9]: straightforward to generalize our results for the case when
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the trigger particle and the associated particle are choseronfined to a bisector oriented with anglg to the reaction
from different rapidity and transverse momentum regionsplane, and then specialize to-plane and out-of-planecon-
Here,v=(cogn(¢-W)])? is thenth harmonic coefficient ditions. We proceed in two steps, first for the ideal case, then
of the single-particle distribution of Eq1), although the for finite resolution in the reconstructed event plane.
average over the azimuthal angle of the trigger particle is Let the trigger particle be confined in the transverse plane
taken over the restricted regidR only. to the bisectors depicted in Fig. 1. Thih Fourier coefficient

We derive now explicit analytic expressions fdf and  of the trigger particle distribution, assuming it is originally
the pair yieldB* for elliptic flow when the trigger particle is given by Eq.(1), is

JR (1 + 2 2v, cos[k(¢ - ‘I’R)]>COS[n(¢>— Ve)]d(d - ¥r)

k=1

vy =(cos[n(¢ - VR )" = - , (5)
J (1 + 2, 2vy cos[K(¢ - ‘I’R)])d(cb— Vp)
R k=1
where the integration over the regi@in more explicit notation is understood to read
dstc pgtatc
[ do-w = [T dgmwr [ g v ©
R ¢S_C ¢S+7T—C
The integration results in
sin(nc) sin(kc)
Un* Sheven cos(Ngpg ——— + E (Vken * U|k_n‘)COS(k¢s)—
r_ NC k=24, ke e
Un = sin(kc) '
1+ > 2v,cos(kee
k=2,4.6.... ke
[
where g, g,en=1 for n even ands, ¢,.,=0 for n odd, respec-
tively. e f (1 + 3 2 cos[k(¢—~1fR>])d<¢—\lfR>
Spatial conditions on the trigger particle also modify the ~gr= =% 246
integrated pair yield. We express the conditional two-particle f d(-Vp)
yield as R ®
r_2C_ » 9
BY=—BB", (8)
m Integrating we obtain
which can be understood as the product of two single- )
particle yields: VB for the associated particle and the re- gR=1+ > 2v, Cos(k¢s)M_ (10)
mainderyB(2c/ ) B* for the trigger particle. Here, & k=2.4.6.... kc

is the fraction of the azimuth covered by the trigger par- . ) o
ticle and the quantity3® accounts for the modification of In the following we restrict ourselves to elliptic flopm=2).

the yield due to collective flow and is given by Neglecting terms witm=4, we obtain

sin(2c) +v, COS (4¢S)sin(4c)

‘ U;—\)’ = v ’ COS(2¢S) 2C n(2 ) 4c

S Cc
A ” 1+ 20 cos(249 ) —

- (11

and

FIG. 1. The regiorR is made up of a bisector of half-angte BR=1+ 2, cos(269) sin(2c).
that intersects the reaction pladeat angle¢s, modulo . 2c

(12)
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o
©

If the trigger particle is confined to regionsmt4<¢
-Vr<w/4 , “in-plane’), and 7/4<p-Vr<3m/4 (g
=/2, “out-of-plane’), respectively, Eq(11l) simplifies to

in-plane

(1/B) dN/d(Ad)
e

o
)

in_ M+ 2 out:ﬂ'vz—Z

= , . 13 3 E

v2 T+ 4v, 2 g- 4v, 3 ™~ 7]

05 -

The pair yields under these conditions are ™ 7]

B 4 B 4 o4E :

B‘“:—(1+ﬂ>, BV = —(1—3), (14) ; :

2 T 2 T 03| ,

A out-of-plane ]

which add up toB as both regions cover together the full Y] PR NI PR R P PR
azimuth. o 1 2 3 4 5 6

The azimuthal distributions for in-plane and out-of-plane A¢ (rad)

conditions are obtained by inserting the corresponding ex-
pressions fow} into Eq. (4) and thenpy andB® into Eq.
(2). The normalized in-plane and out-of-plane distributions,
for v,=0.1 are displayed in Fig. 2ull line). The out-of-
plane distribution is shifted in phase k2 compared to the
in-plane distribution: instead of peaks&#$=0 and peaks
show up atr/2 and 3r/2. The S|gn of3"is negative. Both
curves touch at levelB/2)(1- 2v2) -
The direction of the true reaction planky is not avail-  Of integrationR in Egs.(5) and(9) is defined in analogy to
able experimentally. An estimator for the reaction plane, of-Ed- (6) by
ten called the event plan®, is determined event by event
using the anisotropic flow itse[fLl1]. How close on average f A=) =f¢s+A\lf+c (DT
the event plane is to the true reaction plane is determined by R - R
the resolution, usually quantified bycognAV¥)), where oA
AV =V.-V¥x Here, the angular brackefs -) indicate the +f s d(p-Wg)--. (15)
event averaging over the probability density distribution st AT+ T—C '
p(AW) that characterizes the event-plane resolution.
Let us now calculate how the finite event-plane resolutioriThe nth Fourier harmonic component is obtained after aver-
modifies our results. For a given deviatiaf¥ the new range aging over the probability density distributigriAW):

FIG. 2. In-plane and out-of-plane correlation functions for ideal
reaction plane(full lines), and for finite event-plane resolution
[(cos(2AW))=0.3] (dashed lines The trigger particle is confined
to bisectors with axespg pointing along the reaction plangbg
=¥) and perpendicular to itps=V¥ +7/2), respectively. The mag-
nitude of elliptic flow isv,=10 %.

¢stAV-C

J_ (AW) J (1+22vkcoik(¢> w])cos[nw V) ]d(¢ - YRId(AW)

vf = - (16)
f p(AP) f } (1 +2) 2vy cos[k(¢—wRﬂ)d(gﬁ—\PR)d(A\P)
- R k=1
After integration we obtain
o+ B €081 S0P 0SMAN) + B (v oot T cosia)
—_— k=2,4,6,.
vf = : (17
1+ 3 20, cos (kb > (kc) coskAW))
k=2,4,6,.
In analogy, we can write
J p(AW) j _ (1 + 2 2 cos[k(¢>—~IfR>])d<¢— VR)d(AW)
'Ié—' - - R k=2,4,6,... . (18)

| ao-wa
R
After integration we obtain
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(kC)

BR=1+ > 2vk cos(kq&s)

k=2,4,6,.

(cogkAWw)). (19)

In the following we restrict ourselves again to elliptic flgw=2) only, and neglecting terms with=4, we obtain

v2+cos(2¢s) )<co (2AW)) + v, cos(4¢s) ( )< 044AV))

vk = (20

1+2v, cos(2¢s)8|2—cc)<cos(2A\If)>

and ~ B 4
Bin = —{1 + ﬂ(cos(zmlf»] ,
2 T
(ZC)
ﬁR 1+ 2v,cos (2¢S) (coq2AW)). (21
The in-plane and out-of-plane anisotropies of E) for ~out_ B 4u,

elliptic flow are modified for finite event-plane resolution to Bo!= 2 1 _7«305(2“1'» ' (23

~in _ TU2 + 2<C0i2A\I,)>

V2 = 7+ 4v(COg2AW))’ respectively. These formulas have been used to calculate the

dashed lines in Fig. 2, and it is seen that the magnitude of the
elliptic anisotropy is reduced for finite event-plane resolu-

(22) tion. The normalized background paramet&@/B and

B°YB approach the value of 0.5. Both are consequences
of the finite event-plane resolution which causes the in-
and the average yields of E€L4) to plane region to receive also negative contributions from
the out-of-plane region, and vice versa.

Figure 3 presents a synopsis of the dependence of the flow
parameters under in-plane and out-of-plane conditions on the
magnitudev, of elliptic flow, both for ideal as well as for the
reconstructed event plane. For the latter case, the reaction
plane resolution was chosen to keog2AV¥))=0.3. Note
that very largev, and small{cog2AW¥)) could lead to the
situation ofv3">0, and the phases of in-plane and out-of-
-pot plane d|str|but|ons, Fig. 2, would be the same.

] We have presented general expressions of two-particle

—our_ ™2~ 2(cOS2AW))
Y2 T - 4 (cod2AW))’

MR SEPU TSNP ST S U T ST S NS SN T NSNS
mo.os R B e e R azimuthal correlations due to anisotropic flow for the case
5 07f 3 when one of the particles, referred to as the trigger particle,
@ r ] is detected at fixed angles relative to the reaction plane. Ana-
o 3 E lytical formulas are given for two cases, an ideal case when
™ 05k E the reaction plane is exactly known in every event, and for
F ] the case of finite reaction plane resolution. For the so called
04f - in-plane and out-of-plane conditions, we find that the corre-
C ] lation functions are shifted in phase ky 2 for realistic val-
0.3 - L - ues of eIIipti(; flow Qf the trigger partic[e and the.reaction_
0 005 01 045 02 025 03 plane resolution. This and the increase in modulation ampli-

tude in-plane compared to out-of-plane is easily visualized
by the fact that the trigger particle scans the peak region of

FIG. 3. In-plane(thick lines and out-of-plane coefficientshin the elliptic flow pattern in the first case, but the valley in the
lines) p, of Eq. (4) (top), andB of Eq. (8) (bottom), vs elliptic flow  second. _ . .
anisotropyv,. Solid lines assume ideal reaction plane, dashed lines We foresee that the results presented in this paper will
are for reconstructed event planes with finite resolutionallow to disentangle nonflow generic two-particle correla-
{(cog2AW))=0.3. tions, such as those due to jets and analyze how such corre-

Va
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